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ABSTRACT
The existence of supersymmetric D0-branes sitting at an arbi-
trary distance from a flux 5-brane is proven. The physical pic-
ture in type IIA is consistent with the Kaluza-Klein reduction
origin of the flux 5-brane. An analysis of the fluctuations around
these vacua is performed and the backreaction of the D0-branes
is computed. Non-threshold D0-D2 bound states and similar sta-
bilization mechanisms for D2-branes in such backgrounds are also
briefly discussed.
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1 Introduction
There has recently been a lot of interest in the construction and classification
of supersymmetric fluxbranes in string theory, either from a supergravity
perspective [1, 2] or from a conformal field theory (CFT) one [3, 4]. It is
natural to ask about which D-branes, NS-branes and other dynamical objects
in string theory exist in this new sector of the theory [5]. Some results in
this direction were obtained using CFT and/or world-volume techniques in
[6]- [7]. In this note, we shall use low energy field theory descriptions both in
the open and closed string sectors to answer this question, and for simplicity,
we shall concentrate on D0-branes in flux 5-branes (F5-branes) [1].
A F5-brane is a type IIA configuration preserving one half of the space-
time supersymmetry (see appendix) with metric
g = Λ1/2
{
ds2(E1,5) + dr2 + r2(dθ2 + sin2 2θdψ2)
}
+ r2Λ−1/2 {dϕ+ cos 2θdψ}2 , (1)
and nontrivial dilaton and Ramond-Ramond (RR) 1-form
Φ− Φ0 = 3
4
log Λ (2)
C(1) = (βr)rΛ
−1(dϕ+ cos 2θdψ) , (3)
where the scalar function Λ is defined by Λ = 1+(βr)2. The above configura-
tion is obtained by Kaluza–Klein reduction of eleven dimensional Minkowski
spacetime along the orbits of the Killing vector
ξF5 = ∂x♯ + β
(
x6∂7 − x7∂6 + x8∂9 − x9∂8
)
,
where x♯ = Rχ stands for the eleventh compact dimension and χ for some
canonically normalised angular variable. Equivalently, the F5-brane is ob-
tained in the limit 1
R→ 0 , β fixed . (4)
Notice that whenever βr0 ∼ g−2/3s , the type IIA description of the geometry is
no longer reliable, and one should replace it by its M-theory lift. As explained
in [1], one can associate some notion of “charge” to this object by computing
the integral
∫
F(2)∧F(2), on the full R4 transverse space to the F5-brane, F(2)
1The author would like to thank H. Robins for discussions on this point.
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being the corresponding RR 2-form field strength. This transverse R4 space
is parametrised by
x6 + ix7 = r cos θei(ϕ+ψ)
x8 + ix9 = r sin θei(ϕ−ψ) .
(5)
Thus, r stands for the radial distance to the F5-brane, θ measures the angle
between the 67-plane and the 89-plane, whereas ϕ± ψ are the polar angles
(phases) in the corresponding 2-planes. The charge (proportional to (β2)−1)
is thus kept fixed in the Kaluza–Klein reduction (4).
Assuming the existence of D0-branes in this background at weak coupling,
and taking a strong coupling limit, the system should be described by an
M-wave [8] propagating in a locally flat spacetime satisfying topologically
nontrivial identification conditions 2. It is thus expected that the Kaluza–
Klein reduction of an M-wave configuration along the orbits of the Killing
vector ξF5 should give rise to a type IIA configuration describing a composite
system of D0-branes and F5-branes. One of the purposes of this note is to
check this interpretation.
In order to address these considerations, one can study the dynamics at
low energy of a single D0-brane in such an F5-brane background, by a probe
analysis. If a D0-brane of tension (mass) TD0 =
1
ls
e−Φ0 sits in a F5-brane
background at a distance r0, the potential felt by the probe
V = TD0
[
1 + 3 (βr)2 Λ−10
]1/2
, (6)
depends on the distance. In (6), Λ0 was defined as Λ(r0). It is only at r0 = 0,
the minimum of the potential (6), that the probe feels no force. Equivalently,
the classical equations of motion for a massive particle propagating in a F5-
brane background with no angular velocity are only satisfied when motion is
constrained to the hypersurface defining the F5-brane.
It is a natural question whether there exists some physical mechanism by
which the D0-brane remains static3 at an arbitrary distance r0 from the F5-
brane. The answer to this question lies on the geometry of the background.
Notice that even if the angular velocity of the D0-brane vanishes, the RR 1-
form induces some angular momentum through the Wess-Zumino coupling,
yielding a non-static configuration. This is the reason why (6) is not equal
to minus the lagrangian density, but includes the contribution from such
2Similar remarks were already mentioned and used in the context of M5-branes in the
appendix of [4].
3In this note, by static, we shall refer to a configuration having vanishing angular
momentum.
2
non-vanishing momenta. This argument raises the possibility of giving some
angular velocity to the D0-brane such that the total angular momentum
vanishes, yielding an static configuration of constant energy (independent of
r0). This expectation will be confirmed both for a single D0-brane in type
IIA and a massless particle in eleven dimensions (which is the lift to M-theory
of the type IIA configuration).
The plan of the paper is as follows. In section 2, we shall study the prop-
agation of a massless eleven dimensional particle in a flat eleven dimensional
geometry satisfying some nontrivial identification conditions, by using an
adapted coordinate system to the action of ξF5. In section 3, we shall move
to the D0-brane setting and prove, by construction, the existence of the fore-
mentioned static configurations of finite energy. Evidence is given in favour
of their stability by an analysis of the fluctuations around these vacua and
due to the existence of a bound from below on their energy. In section 4, the
supergravity type IIA configuration taking into the account the backreaction
of a bunch of D0-branes is found. It is then shown that an additional D0-
brane probe having the same angular velocity as in our previous vacua can
be added at an arbitrary distance, thus showing its BPS character, and con-
firming the physical interpretation of these supergravity backgrounds. The
same physical effect is used to construct D0-D2 bound states in section 5 and
to (meta)-stabilize curved D2-branes in F5-brane backgrounds in section 6.
2 Eleven dimensional massless particle
Let us study the propagation of an eleven dimensional massless particle,
S =
∫
dτ L =
∫
dτ
[
x˙MPM − 1
2
vhMNPMPN
]
, (7)
in the eleven dimensional geometry
h = ds2(E(1,5)) + dr2 + r2(dθ2 + sin2 2θdψ2) + ΛR2dχ2
+ 2βr2Rdχ(dϕ+ cos 2θdψ) + r2(dϕ+ cos 2θdψ)2 . (8)
In (7), PM M = 0, 1, . . . , ♯ should be thought of some set of auxiliary fields,
actually, the conjugate momentum variables to the spacetime coordinates
xM ; whereas v ensures the mass-shell condition. The eleven dimensional
metric (8) was already written in adapted coordinates, where ξF5 = ∂x♯ .
Thus, by Kaluza–Klein reduction along the x♯ = Rχ direction, the full F5-
brane background is obtained.
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Its classical equations of motion are given by,
hMNPMPN = 0
PM = hMN x˙
N v−1
d PM
dτ
=
∂L
∂xM
(9)
where v can always be set to one (using worldline reparametrisations) and
the inverse of the background metric hMN is
h−1 =


ηµν 0 0 0
0 1 0 0
0 0 r−2 0
0 0 0 h˜−1

 , µ ν = 0, 1, . . . , 5
h˜−1 =

 R−2 −β R−1 0−β R−1 ∆ (1 + β2r2 sin2 2θ) −∆cos 2θ
0 −∆cos 2θ ∆


where the scalar function ∆ = (r sin 2θ)−2 was introduced and h˜−1 is written
in the basis {χ , ϕ , ψ}.
It will be assumed that all momenta is vanishing except for Pχ, Pϕ and Pψ,
which are conserved quantities, this being consistent with (9) and equivalent
to setting r˙ = θ˙ = x˙i = 0 i = 1, . . . , 5. The energy of the configuration is
given by the mass-shell condition
E2 =
(
Pχ
R
+ βPϕ
)2
+
1
r20 sin
2 2θ0
(Pϕ − cos 2θ0Pψ)2 + (Pψr−10 )2 (10)
and depends on the constant parameters r0, θ0. Requiring the energy to be
minimized enforces an stationary requirement in the ϕ, ψ angular directions
Pϕ = Pψ = 0 ,
where the solution r0 → ∞ was excluded, since we are interested in finite
energy configurations.
Using (9), we can solve the stationary conditions in terms of the velocities
r2[ϕ˙+ cos 2θψ˙ + β Rχ˙] = 0
r2[ψ˙ + cos 2θϕ˙+ β R cos 2θχ˙] = 0
ΛR2χ˙+ β Rr2(ϕ˙+ cos 2θψ˙) = Pχ ,
(11)
allowing three different solutions
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• r0 = 0, corresponding to a massless particle constrained to R5 × S1.
• ψ˙ = 0, ϕ˙ = −βR−1 Pχ = −βP♯, ∀ r0.
• θ0 = 0(π/2), ϕ˙ + (−)ψ˙ = −βP♯, ∀ r0, corresponding to a massless
particle moving in the 67-plane (89-plane).
In all cases, the energy of the particle equals its velocity
E = x˙♯ ,
along the compact direction, since Pχ = R
2χ˙ = Rx˙♯, thus suggesting the
latter configurations do describe a massless particle propagating in the com-
pact direction x♯. This can explicitly be shown by mapping the trajectories
in both the adapted coordinate system and the one in which the metric is
manifestly flat. The latter is governed by
φ = ϕ+ β x♯ .
Thus, whenever ψ˙ = 0, there is no angular velocity in φ
(
φ˙ = 0
)
; whenever
θ0 = 0(π/2), motion is constrained to a plane, thus the real physical phase
variable is given by φ + cos 2θ0ψ, which again has vanishing angular veloc-
ity; for r0 = 0, no motion is allowed in the directions under consideration.
Thus, indeed, all the found trajectories do correspond to propagation in the
compact direction, as the energy computation was suggesting to us.
All configurations described in this section preserve one quarter of the
spacetime supersymmetry. This is obvious in the coordinate system in which
the background is manifestly flat. Indeed, in that frame, the background
preserves the supersymmetries satisfying Γ6789ε = ε, whereas the propagat-
ing massless particle the ones obeying Γ0Γ♯ε = ε. Since [Γ6789 ,Γ0Γ♯] =
tr Γ6789Γ0Γ♯ = 0, the configuration preserves eight supercharges.
3 Static D0-brane in a F5-brane background
Once the motion of massless eleven dimensional particle in the adapted coor-
dinate system has been worked out, the extension to the D0-brane is rather
natural. One should look for an angular velocity such that the full angu-
lar momentum of the massive particle vanishes. We shall consider the most
general ansatz consistent with this picture, in which x0 = τ (gauge choice),
the coordinates parametrising the F5-branes worldspace are set to a con-
stant value (xi0), the radial distance to the F5-brane (r0) and θ = θ0 are
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constants and the angular coordinates that do couple with the RR 1-form
(3) are assumed to be
ϕ = ω0τ + ϕ0
ψ = v0τ + ψ0 .
(12)
The action describing the dynamics of this system at low energies and weak
string coupling constant is given by
SD0 = −TD0
∫
dτΛ−10
√
Λ0 − r20(ω0 + v0 cos 2θ0)2 − Λ0(r0v0 sin 2θ0)2
+ TD0
∫
dτΛ−10 βr
2
0(ω0 + v0 cos 2θ0) .
(13)
The non-trivial components of the angular momentum can be derived from
(13) by standard methods. In particular, computing ∂L/∂ω0 one obtains
Pϕ = TD0r
2
0Λ
−1
0
[
β +
l0√
Λ0 − (r0l0)2 − Λ0(r0v0 sin 2θ0)2
]
(14)
and from ∂L/∂v0
Pψ = TD0r
2
0Λ
−1
0
[
β cos 2θ0 +
l0 cos 2θ0 + Λ0r
2
0 sin
2 2θ0v0√
Λ0 − (r0l0)2 − Λ0(r0v0 sin 2θ0)2
]
, (15)
where the constant parameter, l0 = ω0 + v0 cos 2θ0, has been introduced.
When one requires both equation (14) and equation (15) to vanish, one
finds three different solutions to the corresponding system of equations :
• r0 = 0, corresponding to a D0-brane restricted to move on the F5-brane.
• θ0 = 0, π/2, ω0 ± v0 = −β ∀ r0, corresponding to a D0-brane moving
either in the 67 plane (θ0 = 0) or in the 89 plane (θ0 = π/2) with total
angular velocity −β, in both cases.
• v0 = 0, ω0 = −β ∀ θ0 , r0.
It is reaffirming to get exactly the same conditions we derived before. Since,
by construction, the angular momentum vanishes, the energy of the config-
uration equals minus the lagrangian density of the system (E = −L), that
is, it equals the tension (mass) of the D0-brane. Thus, there exist config-
urations of static D0-branes sitting at any distance r0 from the F5-branes,
with non-vanishing angular velocity and finite energy equal to its mass. This
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interpretation can also be derived from a pure hamiltonian analysis of the
system. Using the general formalism developed in [9], the energy density
can be computed from the mass-shell condition
P˜ 2 + T 2D0Λ
−3/2
0 = 0 , (16)
where P˜ 2 = gMN(PM + TD0CM)(PN + TD0CN), g
MN being the inverse of the
metric (1) and CM the components of the RR 1-form (3). Notice that by
requiring the spacelike components of the momentum (Pm = 0 m = 1, . . . , 9)
to vanish as corresponds to a static configuration, the energy (P0 = E) equals
the tension (mass) of the D0-brane.
Given a bosonic configuration on the worldvolume of any brane, one way
to check whether it preserves some supersymmetry is by analysing whether
it satisfies the kappa symmetry preserving condition [10]
Γκε = ε (17)
where ε is the Killing spinor of the corresponding background geometry and
Γκ is the usual field and background dependent matrix encoding the kappa
symmetry transformations in D-branes [11]. Equation (17) reduces, in this
particular case, to{
Γ0 + Λ
−1/2
0 r0l0Γϕ + Λ
1/2
0 r0v0 sin 2θ0Γψ
}
Γ11ε = ε . (18)
Thus, for r0 = 0, equation (18) reduces to
Γ0Γ11ε = ε (r0 = 0) ,
whereas in the remaining two static configurations, (17) reduces to{
Γ0 − Λ−1/20 (βr0)Γϕ
}
Γ11ε = ε (l0 = −β) ,
which corresponds to the supersymmetry projection condition of a boosted
D0-brane. As it is argued in the appendix, the point dependence of the Killing
spinors is of the form ε = M˜ [x; Γ]ε0, where ε0 stands for a constant spinor
and M˜ [x; Γ] is some matrix, depending on the point, built from flat gamma
matrices. Under such conditions, the analysis of (18) is not straightforward,
as has already been pointed out in the past in different backgrounds [12].
An explicit computation involving the exact form for the Killing spinors
should prove that our static configurations preserve one fourth of the space-
time supersymmetry. To give further evidence to the last statement, we shall
first study the stability of these configurations by an analysis of the fluctua-
tions around them and the existence of a bound from below for the energy,
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and shall postpone the discussion on the BPS character of these configura-
tions to the next section. Let us parametrise these arbitrary fluctuations
by
xi = xi0 + η δx
i(τ)
r = r0 + η δr(τ) , θ = θ0 + η δθ(τ)
ϕ = ω0τ + ϕ0 + η δϕ(τ)
ψ = v0τ + ψ0 + η δψ(τ) .
(19)
where η will be the parameter counting the different orders in the expansion
of the action around the vacuum configuration, SD0 = S(0)+η S(1)+η
2 S(2)+
O(η3).
Let us study the different contributions to the expansion of the action
SD0 by splitting the latter into a Dirac-Born-Infeld (DBI) part and a Wess-
Zumino (WZ), SD0 = SDBI + SWZ. The contribution from the WZ term is
given by
SWZ = TD0
∫
dτ
{
βr20
Λ0
l0 + η
[
βr20
Λ0
(δϕ˙+ δψ˙ cos 2θ0) + 2
βr20
Λ0
l0δr
]
+ η2
[
−2βr
2
0
Λ0
(v0 cos 2θ0δθ
2 + sin 2θ0δθδψ˙)
+
β
Λ30
l0(1− 3(βr0)2)δr2 + 2βr0
Λ20
δr(δϕ˙+ cos 2θ0δψ˙)
]}
,
(20)
where we already took into account that r0v0 sin 2θ0 = 0 for any of the three
classical solutions found previously.
In order to write the expansion of the DBI term, we shall distinguish
between the r0 = 0 classical solution and the ones involving an arbitrary r0.
Notice that for r0 = 0, the contribution from the WZ term (20) vanishes and
one is left with
SD0 = −TD0
∫
dτ + η2TD0
∫
dτ
{
1
2
δx˙iδx˙jδij +
1
2
δr˙2 +
1
2
(β)2δr2
}
+ O(η3) .
(21)
The zeroth order contribution in the η parameter reproduces the energy
of the vacuum configuration (up to a sign), as it should, whereas the first
order contribution vanishes, in agreement with the fact that the classical
configuration which we are expanding around solves the classical equations
of motion. The second order contribution describes the dynamics of five
massless scalar fields (the fluctuations along the five spacelike directions along
the F5-brane) plus a radion δr, whose mass term has the wrong sign.
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Let us now concentrate on the remaining two cases (r0 6= 0). The contri-
bution from the DBI term can be summarized as
SDBI = −TD0
∫
dτΛ−10
{
1 + η
(
1
2
L1 − x1
)
+ η2
(
1
2
(L2 − 1
4
L21) + x
2
1 − x2 −
1
2
x1L1
)}
,
(22)
where we have defined
x1 = 2
β2r0
Λ0
δr , x2 =
β2
Λ0
δr2
L1 = 2(βr0)r0(δϕ˙+ cos 2θ0δψ˙)
L2 = 4(βr0)δr(δϕ˙+ cos 2θ0δψ˙)− Λ0δx˙iδx˙jδij − Λ0δr˙2 − Λ0r20δθ˙2
− 4(βr0)r0(v0 cos 2θ0δθ2 + δψ˙ sin 2θ0δθ)− r20(δϕ˙+ cos 2θ0δψ˙)2
− Λ0r20 sin2 2θ0δψ˙2 − Λ0v20(4r20 cos 4θ0δθ2 + sin2 2θ0δr2) .
(23)
Joining the contributions from (20) and (22), we recover the zeroth order
contribution corresponding to the vacuum energy. At linear order in the
expansion parameter η, the action
S(1) = TD0
∫
dτΛ−10
(
x1 − 2β
2r0
Λ0
δr
)
(24)
vanishes, as can be seen by the definition of x1 in (23). Finally, at second
order, the action reads as follows
S(2) = TD0
∫
dτ
{
1
2
δx˙iδx˙jδij +
1
2
δr˙2 +
1
2
r20δθ˙
2 +
1
2
r20(δϕ˙+ cos 2θ0δψ˙)
2
+
1
2
r20 sin
2 2θ0δψ˙
2 + 2r20v
2
0 cos 4θ0δθ
2 +
1
2
v20 sin
2 2θ0δr
2
}
.
(25)
The above action describes a free scalar field theory in which only two mass
like terms appear with the wrong sign. Notice that v0 sin 2θ0 is always van-
ishing for the vacua we are discussing, thus radial fluctuations are both clas-
sically stable and massless. Furthermore, when v0 = 0, the mass term for
δθ fluctuations vanish, thus we conclude that the static classical configura-
tion defined by v0 = 0 and ω0 = −β is a stable configuration in which all
fluctuations {δxi , δr , δθ , r0 (δϕ+ cos 2θ0δψ) , r0 sin 2θ0δψ} are massless, as
it should be for a D0-brane with no constraints on its motion.
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Finally, for the classical configuration confined either to the 67-plane
(θ0 = 0) or to the 89-plane (θ0 = π/2) the wrong sign mass like term for
the fluctuation δθ remains. Notice that in this case, r0 sin 2θ0δψ is also
non-dynamical since the only physical degree of freedom corresponds to fluc-
tuations of the phase r0 (δϕ± δψ) in the plane where the classical motion
takes place.
Despite the apparent tachyonic behaviour of the radion δr for the r0 = 0
vacuum and δθ for the θ0 = 0(π/2) vacua, one should check that the energy
of these fluctuations is negative, to consider them as real tachyonic modes.
Actually, such a possibility is not possible. Indeed, by solving the mass-shell
condition P˜ 2 + TD0Λ
−3/2 = 0 (in general), one can express the energy of the
system as
E2 = (TD0 + βPϕ)
2 +
(
Pψ
r
)2
+
1
r2 sin2 2θ
(Pϕ − cos 2θPψ)2
+ P 2r +
(
Pθ
r
)2
+
5∑
i=1
(Pi)
2 . (26)
Thus, energy is bounded from below by TD0, a bound which is saturated
when the configuration is static (Pϕ = Pψ = Pr = Pθ = Pi = 0 ∀ i). Due to
the positivity of all the terms in (26), any fluctuation around our vacua would
give rise to a positive energy contribution, thus showing the stability of all
configurations discussed before.
4 Background reaction
If the above configuration is BPS, one could consider a set of N D0-branes
sitting on the same point in the presence of a F5-brane. For large enough N,
such a configuration should admit a reliable supergravity description. Once
this background is known, one could probe it with an additional D0-brane
and the BPS feature should manifest itself with the existence of classical
configurations having the same features as the ones described in the previous
section, and allowing the additional D0-brane to sit at an arbitrary distance
not only of the F5-brane but also of the remaining D0-branes being described
by the background. In the following, we shall first construct the closed string
description of N D0-branes in the presence of a F5-brane, and afterwards, it
will be checked that indeed an additional D0-brane can sit at an arbitrary
distance when having the correct angular velocity.
10
4.1 Supergravity background
The easiest way to look for the type IIA configuration we are interested
in is to take the strong coupling limit of the theory (R → ∞), and look
for the corresponding configuration in M-theory 4. This eleven dimensional
configuration should be an M-wave propagating in the compact direction,
plus some topologically non-trivial conditions describing the presence of the
F5-brane. Thus, locally, the metric should look like the one of an M-wave
[8]
h = (U − 2) (dx0)2 + U (dx♯)2 − 2 (U − 1) dx0dx♯ + ds2(E9) , (27)
where x♯ stands for the direction of propagation and U = U(rˆ) is an harmonic
function
U = U(rˆ) = 1 +
k
rˆ7
,
on E9. Notice that rˆ2 = r2 + xixjδij , where r is the radial coordinate trans-
verse to the F5-brane and xi (i = 1 . . . , 5) parametrise its worldspace. The
configuration preserves one fourth of the supersymmetry. This is because the
M-wave configuration is already a one-half BPS object, whereas the nontriv-
ial identifications that characterise the global properties of this configuration
break another half.
If one Kaluza-Klein reduces the above configuration along the orbits of
the Killing vector ξF5 = ∂x♯ + β (x
6∂7 − x7∂6 + x8∂9 − x9∂8) 5, one obtains a
type IIA configuration with metric
g = −∆−1/2 U−1/2 (U − 1)2 (dx0)2 +∆−1/2 U1/2r2 (dϕ+ cos 2θdψ)2
+ 2βr2∆−1/2 U−1/2 (U − 1) dx0 (dϕ+ cos 2θdψ) + ∆1/2 {U1/2 (U − 2) (dx0)2
+U1/2ds2(E5) + U1/2
(
dr2 + r2
(
dθ2 + sin2 2θdψ2
))}
(28)
RR 1-form potential C(1)
C(1) = ∆
−1
{− (1− U−1) dx0 + U−1 βr2 (dϕ+ cos 2θdψ)} , (29)
and a non-vanishing dilaton
φ =
3
4
log (U ·∆) , (30)
4This remark was already mentioned in the appendix of [4].
5This is just a particular case of a more general formulation discussed in [5].
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where the scalar function ∆ is defined as
∆ = 1 + U−1 β2r2 .
Notice that this is a type IIA background that correctly reproduces the
F5-brane limit, the one in which the charge of the D0-brane is sent to zero
(k → 0), and the D0-brane limit, in which the charge of the F5-brane is
sent to zero (β → 0). In both limits, there is an enhancement of supersym-
metry. Furthermore, the ten dimensional metric (28) takes into account the
backreaction of the boosted D0-branes by having non-vanishing g0ϕ and g0ψ
components.
4.2 Probe computation
We shall now explicitly show that exactly the same static configurations that
were found in section 3 are still static configurations in the above background,
thus showing their BPS character [13]. Notice that this computation also
gives further evidence for the physical interpretation given to the type IIA
configuration obtained in the last subsection.
Using the same ansatz as in section 3, the non-trivial angular momenta
is given by
Pϕ = TD0
e−φ√−x˙mx˙ngmn
x˙mgmϕ + TD0Cϕ (31)
and
Pψ = TD0
e−φ√−x˙mx˙ngmn
x˙mgmψ + TD0Cψ . (32)
Requiring the configuration to be static (Pϕ = Pψ = 0), determines three
inequivalent solutions. It is life-reaffirming to check that these are precisely
the ones found in our previous analysis : r0 = 0, corresponding to a D0-brane
moving on the F5-brane, sin 2θ0 = 0, corresponding to a D0-brane moving
in the 67-plane or in the 89-plane and ψ˙ = 0. As in that case, the angular
velocity in the last two solutions is
ω0 + cos 2θ0v0 = −β .
Since, by construction, the configuration has vanishing momentum, its energy
equals minus the value of the lagrangian density evaluated on it. Again, it is
satisfactory to check that
E = TD0 .
12
This result can be confirmed by solving, after some algebra, the mass shell
condition for E
g00 (E + TD0C0)
2 + 2g0ϕ (E + TD0C0) TD0Cϕ + 2g
0ψ (E + TD0C0)TD0Cψ
+ T 2D0
[
gϕϕC2ϕ + g
ψψC2ψ + 2g
ϕψCϕCψ
]2
+ T 2D0 U
−3/2∆−3/2 = 0 .
5 Static D0-D2 bound state
In a flat and topologically trivial spacetime, either D0-branes or D2-branes
can be located anywhere, the resulting configurations being stable and su-
persymmetric. Furthermore, non-threshold D0-D2 bound states preserving
one half of the spacetime supersymmetry are known to exist. These can be
realized on the D2-brane effective action as constant magnetic fluxes. We
have learnt in the previous section how to describe static, supersymmetric
D0-branes in F5-brane backgrounds. It is natural to ask whether the fore-
mentioned bound states are also allowed in this new F5-brane backgrounds.
First of all, just as for the flat spacetime, one needs to identify the right
vacuum state describing a D2-brane. It is easy to show that a D2-brane
parallel to the F5-brane sitting a distance r0 from it, feels no force. In other
words, the potential is constant and equals the tension of the brane. It
preserves one fourth of the spacetime supersymmetry.
It is natural to guess that the description of a D0-D2 bound state in a
F5-brane background involves switching on some constant magnetic flux on
the brane, F = 2πα′ F12, and giving some angular velocity to the system
(ϕ = ωτ + ϕ0), such that the total angular momentum Pϕ vanishes, to
compensate for the effect of the non-trivial background geometry6. Using
the static gauge, setting the rest of transverse coordinates to constant values
and the electric components of the gauge field to a pure gauge configuration,
the effective action description the D2-brane at low energies and weak string
coupling constant is
S = −TD2
∫
d2+1σ Λ−10
{√
Λ0 − (rω)2
√
Λ0 + F 2 − βr2Fω
}
. (33)
The physical requirement of vanishing angular momentum fixes the angular
velocity to be
Pϕ =
∂L
∂ω
= 0 ⇒ ω⋆ = − βF√
1 + F 2
,
6We decided to concentrate on this description for the D0-brane, but the other two
static configurations described earlier in this note would lead to exactly the same picture
found here.
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for which the energy density of the configuration equals
E[ω⋆] = TD2
√
1 + F 2 ,
the energy density of a D0-D2 non-threshold bound state [14]. We conclude
that such bound states exist in these new sectors of string theory described
by F5-branes.
In the same philosophy followed in the previous section, we could compute
the backreaction of the D0-D2 bound state, by taking the strong coupling
limit and considering the eleven dimensional supergravity description of the
above system. Locally, this should be given by an M2-brane boosted in
the eleventh compact dimension [15]. By Kaluza–Klein reduction along
the orbits of the Killing vector ξF5, one would obtain the desired type IIA
configuration.
6 Meta-stabilization of D2-branes
The existence of a linear coupling among the angular velocity and the RR
1-form was crutial for the stabilization mechanism of D0-branes in F5-brane
backgrounds to work. D2-branes do also couple linearly to such RR 1-form
through the electric components of the gauge field strength F0a a = 1, 2.
Whenever the relative orientation between the probe and the F5-brane is
such that the above coupling is non-vanishing, the electric field on the brane
(Ea = (2πα′)−1 ∂L
∂F0a
) will not vanish, even if F0a = 0. It will be examined
below whether by requiring Ea to vanish, the configuration is stabilized or
not. As when discussing D0-branes in F5-brane backgrounds, it is useful
to interpret the corresponding configurations in M-theory. In such a strong
coupling limit, membranes propagate in a locally flat spacetime satisfying
topologically non-trivial conditions. Since the relation among the world-
volume membrane description and the world-volume D2-brane description
is a world-volume dualisation in 1+2 dimensions of the scalar field x♯(σ)
parametrising the eleventh dimension [16]
dx♯ + Cˆ(1) =
(
eΦ
√
−det (G+ F)
)
⋆ F ,
where F = (2πα′)F + Bˆ(2), it is apparent that we do need no non-trivial
embedding x♯ = x♯(σ) in eleven dimensions to describe the corresponding
D2-brane configurations. Indeed, the source for the non-vanishing electric
components of the field strength F is entirely given in terms of the pull-back
Cˆ(1). We shall then be interested in those cases where such a pull-back is
non-vanishing, the latter depending on the relative orientations between the
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probe worldspace Σ and the F5-brane background. In all of them, the eleven
dimensional configuration corresponds to a curved membrane in a locally flat
spacetime.
Σ = Σϕψ
This corresponds to a D2-brane in the ϕψ-plane. When F0a = 0, the
potential felt by the probe
V = TD2r
2
0 sin 2θ0
{
1 + 3 (βr0)
2 Λ−10
}1/2
,
depends on the distance r0 to the F5-brane and the θ0 angle among the 67-
plane and 89-plane. It will be useful to distinguish between the first factor
r20 sin 2θ0 and the second
{
1 + 3 (βr0)
2 Λ−10
}1/2
. The first one accounts for
the curved nature of the brane probe worldspace, whereas the second one
encodes the non-trivial background geometry and dilaton. Notice that the
above configuration collapses to a pointlike configuration (r0 → 0).
Whenever F0a 6= 0, the effective action is given by
S = −TD2
∫
d1+2σΛ−10 r0
{[
r20 sin
2 2θ0Λ0 − (Fψ − cos 2θ0Fϕ)2
−Λ0 sin2 2θ0F 2ϕ
]1/2 − βr0(Fψ − cos 2θ0Fϕ)} , (34)
where Fψ = 2πα
′ F0ψ and Fϕ = 2πα
′ F0ϕ. The physical requirement of
vanishing electric field on the brane determines the extremal values
F ⋆ϕ = 0 , F
⋆
ψ = −(βr0) r0 sin 2θ0 .
When one computes the energy density (E) for such configuration, it equals
minus the value of the lagrangian density, since all momenta and electric field
Ea vanish. This energy density equals
E[F ⋆ϕ , F
⋆
ψ] = TD2r
2
0 sin 2θ0 .
Thus, by switching on F ⋆ψ on the brane, the physical effects due to the curved
geometry, non-vanishing dilaton and presence of RR 1-form are screened.
The energy of the configuration is the same as that for a curved D2-brane
in a flat background, thus confirming the eleven dimensional interpretation
of the configuration. As in that case, this configuration will not be stable
since there is no force that prevents the D2-brane from contracting to a point
(r0 → 0).
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Σ = Σθϕ
This corresponds to a D2-brane in the θϕ-plane. It will be checked that
the same screening effect described before happens here. We shall switch on
F = 2πα′ F0θ on the brane, such that the effective action is
S = −TD2
∫
d1+2σΛ−10 r0
{√
r20Λ0 − F 2 − βr0 F
}
. (35)
Requiring the electric field to vanish, fixes
F⋆ = −(βr0)r0 ,
for which the energy density of the configuration equals
E[F⋆] = TD2r
2
0 ,
the one of a curved D2-brane in a flat spacetime, as expected from the eleven
dimensional discussion. As before, the configuration would collapse to zero
size, but all effects due to the original curved background were removed by
F⋆.
Σ = Σθψ
For completeness, we shall discuss a D2-brane on the θψ-plane, even
though the conclusion is entirely analogous to the previous configurations.
The effective action describing the system when F = 2πα′F0θ is different
from zero, is given by
S = TD2Λ
−1
0 r0
{√
1 + (βr0)2 sin
2 2θ0
√
r20Λ0 − F 2 − βr0 F cos 2θ0
}
, (36)
and the requirement of vanishing electric field fixes
F⋆ = −(βr0)r0 cos 2θ0 ,
for which the energy density equals
E[F⋆] = TD2r
2
0 ,
which can be interpreted as in previous discussions.
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A Supersymmetry
The type IIA F5-brane configuration is obtained from Kaluza-Klein reduction
of the flat eleven dimensional Minkowski space along the orbits generated by
the Killing vector
ξF5 = ∂x♯ + β
(
x6∂7 − x7∂6 + x8∂9 − x9∂8
)
. (37)
The Killing vector ξF5 acts on the constant Killing spinor ε via the spinorial
Lie derivative (see, e.g., [17] and also [18]), which in local coordinates is
given by
LξF5ε =
(
(ξF5)
m∇m + 1
4
∂[m(ξF5)n]Γ
mn
)
ε (38)
The condition that ξ preserves some supersymmetry (Lξε = 0) is equivalent
to
Γ6789 ε = ε ,
where it was assumed that β 6= 0. This corresponds to having a F5-brane in
the 12345-plane. Thus, F5-branes preserve one half of the spacetime super-
symmetry.
The above computation was done in eleven dimensions in a coordinate
system in which the eleven dimensional geometry is manifestly flat. When
dealing with kappa symmetry and supersymmetry in type IIA/B string the-
ories, one requires the explicit form for the corresponding Killing spinors
associated with a given bosonic supersymmetric background. In the case of
F5-branes, the dilatino and gravitino supersymmetry transformations reduce
to
δλ = Γm∂mΦε+
3
8
eΦΓmnFmnΓ♯ε
δψm =
(
∂m +
1
4
ωm
abΓab
)
ε+
1
16
eΦΓpqFpqΓmΓ♯ε .
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Thus, obtaining the Killing spinors is equivalent to solving δλ = δψm = 0,
when the background is the F5-brane one.
It is useful to introduce an orthonormal basis
eµ = Λ1/4 dxµ µ = 0, . . . , 5
er = Λ1/4 dr , eθ = Λ1/4 r dθ
eψ = Λ1/4 r sin 2θdψ , eϕ = Λ−1/4 r (dϕ+ cos 2θdψ) .
In such a basis, the RR 2-form field strength F2 = dA1 is given by
F2 = 2β(Λ
−2 er ∧ eϕ − Λ−3/2eθ ∧ eψ) ,
whereas the non-trivial spin connection reads as
ωµ r =
1
2
(βr)rΛ−5/4 eµ , ωψ r = r
−1Λ−5/4(Λ +
1
2
(βr)2)eψ
ωθ r = r
−1Λ−5/4(Λ +
1
2
(βr)2)eθ , ωϕ r = r
−1Λ−5/4(Λ− 1
2
(βr)2)eϕ
ωψ θ = r
−1Λ−3/4eϕ + 2r−1Λ−1/4
cos 2θ
sin 2θ
eψ
ωψ ϕ = r
−1Λ−3/4eθ , ωϕ θ = r
−1Λ−3/4eψ .
The dilatino equation gives rise to an algebraic equation{
βrΓr − Λ1/2ΓθψΓ♯ + ΓrϕΓ♯
}
ε = 0 ,
this being equivalent to{
βrΓϕΓ♯ − Λ1/2Γrθψϕ
}
ε = ε . (39)
On the other hand, if we consider the linear combinations ea
mδψm = 0, the
gravitino equation can be rewritten as
(
ea
m∂m +
1
4
ωa
bcΓbc
)
ε− 1
4
Λ−5/4β2rΓaΓrε
− 1
4
Λ3/4δa
[bΓc]FbcΓ♯ε = 0 , (40)
where we have already used (39). Notice that (40) is trivially satisfied for
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a = µ, due to (39). The remaining equations
∂rε =
1
2
Λ−1β(
1
2
βr + ΓϕΓ♯)ε
∂θε = −1
2
[
Γθr + Λ
−1/2Γθ(Γϕ + βrΓ♯)
]
ε
(∂ψ − cos 2θ∂ϕ)ε = −1
2
sin 2θ
[
Γψr + Λ
−1/2Γθ(Γϕ + βrΓ♯)
]
ε
− cos 2θΓψθε
∂ϕε = −1
2
Λ−1
[
Λ−1/2Γϕr + Γϕθ + Λ
−1/2βrΓrΓ♯
]
(41)
suggest the form of the Killing spinors should be
ε = M [r, . . . , ψ]Πl e
fl(r,...,ψ)Γ
(l)
ε0 ,
where ε0 is some constrained constant spinor and Γ
(l) stands for appropi-
ate antisymmetrised products of gamma matrices, whereas fl(r, . . . , ψ) are
generically non-constant functions just as M [r, . . . , ψ], with the difference
that the latter might also be a matrix.
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